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TheMINOS DetectorControlSystem(DCS) is anintegratedhardwareandsoftware
systemwhich controls,monitors,andlogs operatingparametersfor the MINOS Near,
Far andCalibrationDetectors.This documentprovidesanoverview of theDCSincor-
poratingcommentsandsuggestionsmadeat theThird DCSReview andtheRutherford
DAQ Workshop,bothheldduringJanuary2001.

I. DCS OVERVIEW

TheMINOS DCSincludessix majorsubsystems:theHigh VoltageController, theRackMonitor andits
incorporatedCalibration(Flasher)CommunicationInterface,theEnvironmentalMonitor, theBeamMoni-
tor, andtheMagnetandCoil Controller(TableI). They areoverseenwith theIntellution“iFix” Supervisory
ControlandDataAcquisition(SCADA) softwarepackage,which alsointerfaceswith theDAQ (DataAc-
Quisitionsystem)andOracleDatabase.

DetectorControl installationwill begin with a prototypesystemfor the CERN CalibrationDetector,
uponwhichfinal refinementsfor theNearandFarDetectorsystemswill bebased.In thesemorepermanent
implementationsboth local (DetectorHall) andremote(FNAL High Rise)operationwill besupported,in
bothautomaticandoperator-drivenmodes.

TheMINOS DCSis asa robust,modularsystemcomprisedalmostentirelyof off-the-shelf,industrial
control hardwareandsoftware. Theseutilize establishedcommunicationprotocolssuchasOPC(Object
Linking andEmbeddingfor ProcessControl)andSockets,which allow distributedprocessingvia ethernet
andTCP/IP. Thesestandardizedpackagesalsohelp supportreliableoperationandrapid debugging,and
allow “plug-in” upgrades.Fig. 1 outlinestheFar DetectorDCSorganization,indicatingin particularhow
local andremoteaccessareobtainedvia processorsin theFar DetectorHall, ControlRoom,andtheDCS
Satellitein Wilson Hall (SectionII A).

II. DCS COMMUNICA TIONS AND CONTROL

At theheartof the DCS designis the Intellution SCADA systemcallediFix. This DCS “Supervisor”
runsunderWindows 2000andprovidesthefollowing functionality:

1. Data Acquisition and Control Interfaces: iFix is ableto acquiredatausingupto eightbidirectional
I/O drivers,eachof which canbe linked to multiple relatedhardwaredevices. Theseincludebuilt-
in driversfor theBiRa (RackMonitor) andFieldPoint(MagnetandCoil Controller, Environmental
Monitor) hardware,andgenericOPCserversfor othersubsystems.
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Vendor Model Control Monitor Log
DCS Supervisor Intellution iFix X X X

High Voltage LeCroy 1440 X X X
Rack Monitor BiRa RPS-8884 X X X
Calibration MINOS (Custom) LED (X) — X

Envir onmental OregonScientific, WM-918 — X X
NationalInstrumentsFieldPoint

BeamMonitor FNAL SWIC — X X
Magnet & Coil NationalInstrumentsFieldPoint (X) X X

TABLE I: DCS subsystemsandinteractionlevels. DCS passescommandsto the CalibrationFlashersbut doesnot
providelogicalcontrol.TheMagnetandCoil FieldPointsystemwill bedesignedandoperatedby theSteelGroupbut
will log datavia DCS.

2. Warnings and Alarms: iFix automaticallycomparesmonitordatato presetrangesin orderto de-
tectout-of-toleranceconditions.Alarms indicatesituationswhich maycompromisedataquality or
indicateasafetyhazard,andmaybeaccompaniedby automatichardware-or software-triggeredac-
tion including AC or HV cutoff. Warningsindicatelessseriouseventswhich neverthelessrequire
operatorinteraction. Both Alarms andWarningstrigger DCS display changesandsendemail to
appropriateMINOS personnel.

3. GUI Interface: iFix employs a flexible GraphicalUserInterface(GUI) which will bepermanently
displayedondedicatedprocessorsin theNear, Far, andCalibrationDetectorHalls,in theFarDetector
(Soudan)ControlRoom,andin Wilson Hall at Fermilab. TheseGUI’snormallyprovide asummary
of operatingconditionsarrangedby DCSsubsystem,usingcolor-codedbackgroundswhich change
from greento yellow or red when Warningsand Alarms are generated.The iFix GUI will also
provideaccessto detailedsubsystemdataandDCScontrolsin apage-oriented“browseable”format.
Specificoperatordirectionsfor addressinganomalousDCSsignalscaneasilyandnaturallybebuilt
into this interface.

4. Inter nal Database:iFix maintainsits own internaldatabaseof detectoroperatingparameters.Rele-
vantstatisticalanalysescanbepreprogrammedto produceimmediateandvaluableon-linediagnostic
tools,independentof thehistoricalrecordmaintainedby theOracleDatabase.

5. Programmability: iFix is programmableusingVisualBasicfor Applications,acustomizedversion
of Microsoft VisualBasic.VisualBasicis anobject-orientedlanguagethathasmany of thefeatures
of C++ while retainingthe syntaxof BASIC. It is currently the mostpopularcoding languagein
theworld, for which thereis a large knowledgepool availablefor commercialsupport.Throughit
applicationto DCSprogrammingMINOS studentswill gainbothhighly marketablesoftwareskills
andvaluabletrainingin anObject-Oriented(OO)environment.

A. Inter nal Communications

Becausedetectorcontrolis areal-timecritical task,DCSemploys dedicatedprocessorsto providemod-
ularity andavoid potentialproblemsassociatedwith variablecpu load andmemoryswapping. In the Far
Detectorthis requirestwo Windows 2000processorsfor the iFix SupervisorandSatellite,andfour Linux
processorsfor HV control(TableIII). Thisschemeisolatesthefirstandsecondsupermodulephotomultiplier
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FIG. 1: Far DetectorDCSorganization.Local iFix accessis providedby DCSFX1in theSoudanControlRoomand
via VMWare2.0 on the HV (Linux) processors,DCSHV1–DCSHV4.The iFix Satellite(DCSFX2)allows remote
accessfrom Wilson Hall. DCS subsystemdrivers(excluding the HV controller) run on DCSFX1,accessingtheir
distributedhardwarevia theDCSLAN assummarizedin TableII. TheNearDetectorDCSandCalibrationDetector
Prototypearesimilar, but with only oneHigh Voltageprocessorandno iFix Satellite(TableIII).

suppliesandprovideslocalaccessto iFix (via VMWare2.0)oneachsideof eachsupermodule.OtherDCS
subsystemsareconnecteddirectly to theDCSLAN usingIntelligent InstrumentsEDAS ethernet-to-serial
interfaces,eitherstand-alone(model1025E)or built into the RackMonitors (model1002). Commercial
driversrunningon the iFix Supervisorprocessor(DCSFX1)managethesubsystemhardwareandprovide
datalinks to iFix. Theseincludebuilt-in softwarefor theBiRa(RackMonitor) andFieldPoint(Magnetand
Coil, EnvironmentalMonitor Thermocouples)hardware,andgenericOPCserversfor theHigh Voltageand
othersubsystems(TableII). Calibrationdataareloggedvia DAQ-DCSCommunications(SectionIII A).

TheNearDetectorDCSSupervisor(DCSFX3)will belocatedin WilsonHall, with localaccessprovided
on its associatedHV processor(DCSHV5). Thereis no NearDetector“satellite” DCS.Thesamescheme
is employedfor theCalibrationDetector, with theHV processor(DCSHV7)locatedasnearthedetectoras
possibleandtheSupervisor(DCSFX4)in theappropriate“control room” area.DCSHV6runsastand-alone
controllerfor theHigh VoltageTestStandin theSoudan2 DetectorHall (TableIII).

DCSfor theNear, Far, andCalibrationDetectorsrequiresa totalof seventeenstand-aloneEDAS 1025E
ethernet-to-serialdevices(oneperHV andEnvironmentalstation;TableII), andeleven individual proces-
sors(four Windows 2000andseven Linux; Table III). Using preliminaryEDAS andPC costestimates
of $500??and$1,800??each,respectively, we estimatea total hardwareoutlay of $30,000??including
$100??per EDAS for rack mounthardwareandcables.The iFix softwareLicensecost is $5,000??for
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Dri ver OS Link iFix Link Stations
High Voltage CustomC++ Linux RS-232 OPC, 4 FD + 1 TS

Berkeley Sockets 2 ND + 1 BM
1 CD

Rack Monitor BiRa Win 2000 Ethernet Built-in 16 FD + 4 DAQ
35 ND + 4 DAQ

Calibration CustomC++ Linux RS-485 DAQ-DCSCommunications 16 FD + 8 ND
Envir onmental Oregon Win 2000 RS-232 OPC, 3 FD

Scientific, ASCII Files 1 ND + 3 BM
FieldPoint Win 2000 Ethernet Built-in 1 CD

Magnet & Coil FieldPoint Win 2000 Ethernet Built-in 2 FD + 1 ND

TABLE II: DCSsubsystemlinks andstationsfor theNearandFar Detectors(ND/FD), CERNCalibrationDetector
(CD), BeamMonitor (BM), andSoudanHV TestStand(TS). The RackMonitor andMagnetandCoil Fieldpoint
hardwareprovide direct ethernetaccesswhile CalibrationCommunicationsemploy the BiRa RPS-8884’s built-in
EDAS 1002(RS-485& RS-232)interface. The HV andenvironmentalstationsrequirestand-aloneEDAS 1025E
(RS-232only) devices.

eachof theNearandFarDetectorimplementations,but will notbenecessaryfor developingtheCalibration
DetectorPrototype.This bringsthenetCommunicationsandControlbudgetto $40,000??.Note that the
RackMonitor andCalibrationEDAS 1002ethernet-to-serialdevicesareintegratedinto theBiRaRPS-8884
Hardware(SectionV).

III. EXTERNAL COMMUNICA TION

TheMINOS DetectorControlSystemcommunicateswith two externalMINOS processes,DAQ andthe
OracleDatabase.This is accomplishedvia ROOT TSockets. In the caseof DAQ-DCSCommunications
this protocolallows a pre-definedsetof detectorstatusmessagesto be transmittedandinterpreted,while
in the caseof the OracleDatabaseit providesa direct andplatform-independentmethodfor distributing
ASCII-formattedDCSdata.

A. DAQ-DCS Communications

BecausetheDAQ andDCSiFix Supervisoremploy differentoperatingsystems,aplatform-independent
link mustbeestablishedbetweenthem.Two principlenetwork protocolsareavailablefor this task:TCPIP
andUDP. TCPIPguaranteesdatadelivery but requiresaformalserver/clientsocket relationship.UDP, con-
versely, guaranteesnothingbut allows “broadcast”communicationunavailablewith TCPIP. As reliability
is a concernaswell assecurity, we have chosenTCPI for DAQ-DCSCommunications.In this protocol
a numberof client-server connectionsmustbeestablished,but becausemostaredeterminedin advancea
simplesocket manageris appropriate(adaptive managementis not required).

DAQ-DCSCommunicationsdefinetwo typeof notificationobjects:“messages”and“requests.” Mes-
sagesindicatechangesof statesuchas run start and run end, intendedfor interpretationby a physicist
operator. Requestswill enablespecificautonomousDCSactionsto betaken,andwill beimplementedlater
asdeemedfit to facilitateautomaticdetectoroperations.In any casethe role of DCS is to provide a ser-
vice to theDAQ—DCSmay sendwarningsor otherinformationto the,but will not explicitly alter DAQ
operations.

A prototypeDAQ-DCScommunicationsystemhasbeendevelopedusingTSocketsasimplementedin
theROOT [1] C++programlibrary. ROOT waschosenbecauseof its flexibility andplatformindependence,
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OS Location Function
DCSFX1 Windows FD ControlRoom FarDetectoriFix Supervisor

2000 (Soudan) FD SubsystemDrivers
DCSFX2 WilsonHall FD iFix Satellite
DCSFX2 (FNAL)
DCSHV1 Linux SM 1 E SM1Odd-planeHV; iFix Access
DCSHV2 SM 1 W SM1Even-planeHV; iFix Access
DCSHV3 SM 2 E SM2Odd-planeHV; iFix Access
DCSHV4 SM 2 W SM2Even-planeHV; iFix Access

DCSFX3 Windows WilsonHall NearDetectoriFiX Supervisor
2000 (FNAL) ND SubsystemDrivers

DCSHV5 Linux ND Hall ND HV; iFix Access
BeamMonitor SWICHV

DCSHV6 Linux Soudan2 Hall SoudanHV TestStand

DCSFX4 Windows CERN CalibrationDetectoriFix Supervisor
2000 TestBeam CD SubsystemDrivers

DCSHV7 Linux CD HV; iFix Access

TABLE III: DCS processors.The iFix SupervisorandmostSubsystemdriversrun underWindows 2000,while the
HV controllerrunsunderLinux.

andin orderto limit thenumberof systemsoftwaredependencies.ThisprotocolincorporatesaROOT object
whichindicatesthetypeof notificationandincludesashortstringcontainingthemessageitself. ROOT GUI
classeshave beendevelopedto displayingmessagesandprovide furtherDAQ-DCSfunctionality.

Oneimportantattribute of the systemis flexibility in receiving non-ROOT messages(simplestrings).
This is elegantlyhandledby ROOT becausesuchmessagescanbeidentifiedeitherasROOT objectsor as
simplestringtypes.Communicationacknowledgementis alsoprovided,yielding quick confirmationwhen
messageshave beenreceived.

B. The Database

AlthoughiFix will maintainits own historicalrecordof detectoroperatingparameters,it will alsotrans-
mit anarchival abstractto theMINOS OracleDatabase.EachhourtheNearandFar DetectorDCSSuper-
visorswill producesummariesof currentoperatingparameters,with both internalandfilename-encoded
date-timestamps.Betweenhourly dumpsDCSwill write “incremental”files consistingof one-lineentries
for eachparameterchangeandWarningor Alarm notedby the iFix Supervisor. It will thusbepossibleto
reconstructany detectorstatefrom acombinationof onehourlystatusdumpandthefollowing incremental
file. Both fileswill bewritten in ROOT formatvia aROOT TSocket.

IV. THE HIGH VOLTAGE CONTROLLER

The MINOS High Voltagesubsystememploys LeCroy 1440hardwareanda custom-designed(C++)
controller, communicatingvia RS-232(built into the1440)andEDAS 1025Eethernet-to-serialinterfaces.
It is modelledaftertheMACRO [2] system,whichwassimilar in sizeandscopeandoperatedsuccessfully
for approximatelytenyears.TheMINOS implementationrequiresfour LeCroy 1440HV mainframesper
supermodulefor theFar Detector, two for theNearDetector, andoneeachfor theBeamMonitor, Soudan
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HV TestStand,andCERN CalibrationDetector(thirteenin all). In eachFar Detectorsupermodulethe
lowest-numberedmainframeprovideshigh voltageto theeastsideof theoddplanes,andthesecondto the
east-sideevenplanes.A third andfourth serve thewestsidein similar fashion.Oddplanescorrespondto
the“u” electronicsview, runningdiagonallyfrom theuppereastto the lower west,andevenplanesto the
“v” view, runningfrom theupperwestto thelowereast(TableIV).

EachFar Detectorsupermodule(SM) includes242 instrumentedplanes,121 in eachof the odd (u)
andeven(v) views. They arepairedsequentiallymod2, or in odd-odd/even-even fashion.This produces
120planepairs(sixty oddandsixty even)andtwo unmatchedplanes.Eachpairrequiresthreemulti-cathode
(sixteenchannel)photomultipliertubeson eachside,multiplexedninefibersto a pixel. Unmatchedplanes
useonly two pmt’s each,of which one is only half occupied. The Far Detectorthus requiresa total of
120 � 2 � 3 � 2 � 2 � 2 � 728independentHV channels.

Eachmainframeservessixty full andonepartially occupiedmux boxes,or 60 � 3 � 1 � 2 � 182active
channels.The first 180 of thesearearrangedfifteen eachon twelve sixteen-channelcards,yielding five
single-sidedplanepairsandonesparechannelper card. For consistency theunmatchedplaneis serviced
by a thirteenthHV cardratherthanwith an ad hoc arrangementof sparechannels,theunderutilizedcard
beinganunavoidablebut minorconsequenceof thefactthatthenumberof planesis notdivisibleby twenty.
TheNearDetector, BeamMonitor, CalibrationDetector, andSoudanteststandHV systemsaresimilarly
organizedbut smallerin scope.

A. Channel Identification and Control

High voltagechannelsarenumberedconsecutively from 0 to 255in eachLeCroy 1440,sixteenperHV
cardslot. This “physical” or “hardware” channelnumberis assigneda Logical ChannelID via the local
channelmap,allowing sparehardwarechannelsto beswappedtransparentlyandproviding amorephysical
representationof thedetectorfor theDCSSupervisor. Logical channelIDs includetheSupermodule,Side,
first PlaneNumber, andpmt index, with muxboxesidentifiedvia thesamescheme.1E001-1, for example,
is the1stof threephotomultipliersin muxbox1E001, whichservestheE sideof plane001(andplane003)
in supermodule1.

The HV graphicaluserinterface(integratedinto the iFix supervisor)will display the logical channel
label andphysicalchannelnumber, identify both planesserved by the associatedmux box, and indicate
whetherit presentsa “u” or “v” view. While someof this informationis redundant,a completedescription
mayhelpreduceoperatorerror. NearDetectorandCalibrationDetectorHV nomenclaturefollow thesame
schemein accordancewith their respective multiplexing geometries,with “N” or “C,” respectively, in place
of thesupermoduleindex.

Thecontrolleritself consistsof approximately2,000linesof C++code,portedfrom theMACRO (FOR-
TRAN) versionandadaptedfor MINOS in a unix (Linux) environment. Becausethe E andW endsof
thescintillatorareboth instrumented,andbecauseeachmux box containsthreeseparatephotomultipliers,
it controlsvoltagein six-channel“groups” which serve both ends(E andW) of a planepair. Distributed
accessto theLeCroy Mainframesis achievedvia theDCSLAN, usingIntelligentInstrumentsEDAS 1025E
ethernet-to-serialinterfacesconnectedto theLeCroy’sbuilt-in RS-232ports.1 PeriodicHV readoutincludes
thefull logical channelmap,which follows thestandardDCSdatastreamto theOracleDatabase.

TheentireFarDetectorcouldin principlebeoverseenby asingleHV process,but it wasnotconsidered
desirableto spansupermodules.In additiondetectormaintenancerequireslocal control of the HV and
otherDCSsystems,for which a processoris neededon eachsideof eachsupermodule(four in all for the
Far Detector, onefor theNearDetector).The iFix Supervisors“f arm out” HV control tasksaccordingto
TableIV, while thedistributedHV processorsin turnprovide local accessto iFix via VMWare2.0.

1RS232-compatiblecablesareshieldedandlimited to no greaterthan1 m in length.
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Function Planes View Processor
1 SM 1 E E-Odd u DCSHV1
2 E-Even v DCSHV2
3 SM 1 W W-Odd u DCSHV1
4 W-Even v DCSHV2 Far
5 SM 2 E E-Odd u DCSHV3 Detector
6 E-Even v DCSHV4 Hall
7 SM 2 W W-Odd u DCSHV3
8 W-Even v DCSHV4

9 Near E-All u � v DCSHV5 Near
10 Detector W-All u � v Detector
11 BeamMonitor SWIC1–3 — Hall

12 Calibration All u � v DCSHV6 CERN
Detector TestBeam

13 HV Test — — DCSHV7 Soudan2
Stand Hall

TABLE IV: HV Mainframesby functionandlocation.

B. Status

As of this report,theHV controllercodeis substantiallycomplete.In its presentform it canoperatea
singleLeCroy MainframeusingthedirectRS-232port, andcanberun eitherlocally (via thekeyboard)or
over theethernet(via Berkeley Sockets).OncetheEDAS 1025Eethernet/RS-232interfacesoftwarelibrary
hasbeenincorporated,thesubsystemwill bereadyfor installation.This will beaccomplishedby theDCS
groupin cooperationwith TexasA&M University, which will handlehardwaredelivery to the Near, Far,
andCalibrationDetectors.TAMU will alsomake theminor hardwaremodificationsrequiredfor useof the
1440systemwith theSWIC beammonitor(SectionVIII).

Sincethe HV subsystememploys existing supplies(obtainedfrom FermilabPrep)andtheHV cables
themselveswill be producedby thescintillator group,it presentsfew few DCS-accountablecosts.These
includeonly theHV processorsandethernet-to-serialinterfacesalreadydescribedin SectionII A on DCS
CommunicationandControl.

V. THE RACK MONIT OR

DCSwill monitorelectronicsrackstatusat all threedetectorsites.This is accomplishedwith theBiRa
RPS-8884,a 1U rack-mountedmodule that communicateswith the iFix Supervisorvia direct ethernet
link [3] andbuilt-in software drivers. The 8884 is a genericdevice customizedto meetMINOS needs,
addressingthefollowing threegeneraltasks:

1. Safety: Provide immediateAC shutdown in the event of excessive heat,smoke, or (in the caseof
NearDetectorFront-Endcrates)coolingsystemleak.

2. Monitor: Measureandlog backplanevoltage,temperature,andotheroperatingparameterswhich
might affect electronicsperformance.Whenappropriate,indicateWarningor Alarm statusto the
iFix Supervisor.
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3. Communications: Provide theprimarycommunicationlink for theCalibrationLED Flashers,and
asecondary“hard reboot”signalfor theDAQ processors.

A. Warningsand Alarms

In accordancewith FNAL safetyregulations,unattendedAC poweredracksmustbeableto shutthem-
selvesoff in theeventof fire. MINOS DCSextendsthiscapabilityto includelargeinputpowerfluctuations,
high temperaturewarnings,significantdeviationsfrom expectedbackplanevoltagelevels,andleaksin the
NearDetector(liquid cooled)Front-EndRacks.Datafrom therelevanthardwaresystemsareperiodically
loggedalongwith otherDCSinformation,generatingWarnings(which do not cut rackpower) andAlarms
(whichdo)asfollows:

� RPS-8884“Fenwal CPD7051”ionizationsmokedetectors,installednearthetopof eachrack:Alarm
andAC cutoff.

� limited AC powersurgeor voltageoutof phasemonitors,internalto theAC relayboxes:Alarm and
AC cutoff.

� Cooling air temperaturesensors,mountedin both input and outputflow: Warningat 40� C input
temperature,input/outputdifferentialof 20� C, or outputhumidityof 100%.Alarm andAC cutoff at
50� C input temperatureor 30� C differential.

� VME crateDC backplanevoltagemonitors,providedvia crimpedring terminalwire connectionsto
the9U VME cratebackplane:IndependentWarningandAlarm (AC cutoff) thresholdshard-wired
by appropriateresistorselectionduringRPS-8884installation.

� FNAL VME coolingfanmonitor, providedby a two-terminalglobalOR MOSFEToutput:Warning
for failureof oneor morefans(providesredundancy for air temperaturemonitorsandearlydetection
of single-fanfailure).

� Additional NearDetectorFront-End(water-cooled)rackfunctionality:

BiRa 1U 19” rack-mountedparallel-planescreenmeshconductivity sensor/leakdetectors,in-
stalledbeneaththecrates:Alarm andAC cutoff.

GEMS RFO-2500seriesRotorFlow (waterflow) sensors,installedin the cooling water line:
Warningat3.5gallonsperminute(gpm),Alarm andAC cutoff at2.5gpm.

LM35 water temperaturesensors,mountedinline, insidea copperblock securedto the water
inlet pipe: Warningat20� C, Alarm andAC cutoff at30� C.

� Additional FarDetectorPowerDistribution Box functionality:

Differential � 5 DC voltage monitor, provided via crimped ring terminal wire connections:
WarningandAlarm thresholdsto bedetermined.

Temperaturemonitor, providedvia internalAD590M temperaturecurrenttransducers:Warning
andAlarm thresholdsto bedetermined.

TheRPS-8884canprovidearedundantVME powersupplymonitorvia aserial(RS-232)link to theWeiner
Power Supply. We do not employ theCaenNETinterfacewhich normallyutilizes this port, but thecorre-
spondingporton thebuilt-in EDAS 1002interfaceis reservedfor thispurposein theeventthatthecommu-
nicationprotocolis availablefrom Weiner. Thispossibilitywill beexploredaspartof theCERNCalibration
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DetectorPrototypeDCS.TheLED Flasherboxes,finally, arenot directly monitoredby theRPS-8884but
communicatevia it’s built-in EDAS 1002serial(RS-485)port (SectionVI).

AC cutoff is accomplishedby a BiRa relay box downstreamof the rack monitor input. This provides
continuedmonitorfunctionalityevenafteratrip, allowing thetriggeringconditionto bedeterminedon-line.
In eventof total power failure, theRPS-8884doesretainAlarm andWarningstatusfor up to twenty-four
hours. Even after systemicfailure this provides a recoverabledatarecord. In any casewe emphasize
that while any conditionresultingin AC cutoff will alsopromptan iFix Alarm, the trip processitself is
hardware-driven andindependentof DCSsoftware. The loneexceptionto this hardware-driven designis
the shutdown of HV to the MUX boxes in a troubledfront-endrack, which will be handledthroughthe
standardHV controlinterface.

Theserelayboxesarebeingbuilt by BiRaaroundapairof Crydomsolid-statepowerrelays,aD53DP500
for switchingthe208V, anda D2450for the120V line. Both areratedat 50A, although20A breakersare
includedin thebox for safety. The208V line is presentedto therackwith a HBL2326three-wirelocking
receptacle,the 120V line with a standardthree-prongduplex outlet. A power strip will be provided for
additionalprotectedsocketsto beusedby rackequipment.Theform factorof this box will beeithera 2U
19” rackmountedbox, or a 8”x5”x5” floor or wall mountedbox. Statuslights indicatingthepresenceof
voltagebeforeandafter the relayswill be displayedon the box’s front panel. The voltagecutoff will be
controlledfrom theRPS-8884mainchassisusinga low-current12V signal,operatedbothvia softwareand
amanualAC relaycontrolbuttonlocatedon theRPSmainchassisfront panel.

B. VME Reboot

In the caseof unexpectedVME processorcrashit is possiblefor the systemto entera “locked” state
from which softwarerestartis impossible. In this situationa hardwaresignal independentof the normal
VME communicationschainis desired.Becausethe RPS-8884rack monitor is alreadyconnectedto the
VME backplanethis is easilyimplementedvia theSystemResetline, which canbe forcedlow via direct
operatorinterventionor whenanappropriateDAQ-DCSCommunicationis received. In mostcasesthiswill
promptaVME reboot.

C. DAQ Reboot

In thecaseof anunexpectedDAQ PC crashit is alsopossiblefor thesystemto entera “locked” state
from which software restartis impossible. In this situationa hardwaresignal to remotelyresetthe PCs
is desirable.An easybut ratherbrutal way to accomplishthis is to asktheRPSunits alreadymonitoring
theDAQ PCracksfor fire to cycle theAC power. A finer-grainedandlessharshmethodwould beto ask
theRPSunits to assertthehardwareresetline on thePCs’motherboards.Thedetailsof this taskwill be
investigatedata laterdate.

D. Hardwareand Budget

Monitor hardwarevariessomewhat dependinguponrack type, of which therearefive: Far Detector
(FD), NearDetectorFront-End(FE), NearDetector(ND), DAQ (DAQ), andLeCroy (LeCroy). FD racks
containa 9U VME crate,a Power Distribution Box (PDB), and the CalibrationFlasherBox. FE racks
containtwo water-cooled6U VME crates,two Alner Boxes,anda FieldPointmonitor. EachFD monitor
will alsoincludefour “satellite” smoke detectorsfor its associatedFront-Endracks,which unlike thetheir
NearDetector(FE) counterpartshave no active electronicsoutsidethe phototubes,andso do not employ
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individual RPS-8884systems.TheND racks,conversely, do not requiresatellitesmoke detectorssincethe
NearDetectorFront-End(FE)racksarealreadyinstrumented.In otherrespectsthey aresimilar to FD racks,
exceptthatonly a fractioncontainFlasherBoxes.TableV summarizetheFD andND monitorhardware.

NearDetectorFront-End(FE) RackMonitorsaresimilar to thoseon otherND racks,exceptthat they
requireleak detectorsanda separatesetof temperaturemonitor hardwarebecausetheseracksarewater
cooled(TableVI). DAQ racksmountacquisitioncomputers,storagedevices,andnetworking interfaces
which arecapableof internalvoltageandtemperaturemonitoring,so smoke detectionandfuture remote
resetcapabilitiesof theDAQ equipmentis all that is neededfrom theRPSunitsin theseracks.Finally, the
rackshousingtheLeCroy mainframeswill bemonitoredfor smoke. A singleRPS-8884will providesmoke
detectionandAC cutoff capabilityto adjacentLeCroy racks,utilizing satellitesmokedetectorsandganging
theAC power. Thesetwo simplerracksarelistedin (TableVII).

Table VIII summarizesMINOS Rack Monitor hardware requirements.Note that only one FD and
oneDAQ systemwill bemonitoredin theCalibrationDetectorprototype,which hasno ND or FE crates.
Accordingto collaborationpolicy, thehardwareusedin theCalibrationdetectorwill bere-usedin themain
detector, so it hasnot beenbudgetedseparately. An additionalLeCroy andan additionalFD-style rack
monitorhave beenallocatedfor theneedsof theBeamMonitoringgroup’s SWIC controlequipment.

E. Status

TheRackMonitor hasprogressedrapidly from generalconceptto concreteplan,in whichDCSrequire-
mentshave beenestablishedandmatchedto appropriatehardwaresystems.ParticularWarningandAlarm
thresholds,the locationandshapeof theAC cutoff relayboxes,thepossibleuseof CaenNethardwarefor
redundantVME powersupplymonitoring,andtheissueof how bestto remotelyresettheDAQ PCsremain
to beresolved,but theoverall subsystemdesignis otherwisecomplete.

Hardwaretestsandsoftwaredevelopmentwill begin soononthefirst RPS-8884prototypeattheUniver-
sity of Minnesota,Duluth. To assistwith this taskadditionalresourceshave beenprocuredto supportEric
Hall, an undergraduatePhysicsMajor working with Alec Habig on RPS-8884hardwaretestingandsoft-
waredevelopment,andat leastoneotherundergraduateresearcherover thesummer. This effort includes
in particularthe RackMonitor/iFix datalink andCalibrationFlasherCommunicationsInterface(below),
efforts which will culminatewith theinstallationof a prototypeDCSat theCERNCalibrationDetectorin
August2001.

VI. THE CALIBRA TION COMMUNICA TIONS INTERFACE

In addition to its own intrinsic monitoring functionality, the BiRa RPS-8884Rack Monitor includes
a built-in Intelligent InstrumentsEDAS 1002ethernet-to-serialinterface. This providesboth RS-232and
RS-485portswhich canbeaddressedvirtually over theethernetin thesamemanneraslocal (“‘physical”)
serial interfaces. While the RS-232port is reserved for a possiblesupplementaryVME power supply
monitor (SectionV A, the RS-485port provides a local communicationslink to the CalibrationFlasher
Boxes. This allows distributedLED Flashercontrolusingcommercialsoftwarewhich makestheethernet
link essentiallytransparent.While this link is providedby DCShardware,however, it doesnotprovide for
directdatatransferto theiFix supervisor, nordoFlashertransmissionstake placein amannerconducive to
DCS monitoring. LED Flasherstatuswill thereforebe transmittedto DCS via ROOT TSocketsasDAQ-
DCScommunications.
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Item Cost # Total
RPS-8884 $1,9501 $1,950
120/208VAC RelayBox 830 1 830
AC Relay Coil/Power Cable 60 1 60
120VAC power strip 20 1 20
VME DC cable 25 1 25
Inlet Air Temp Board 135 1 135
Inlet Air Temp Cable 35 1 35
Outlet Air Temp/Humidity Board 160 1 160
Outlet Air Temp/Humidity Cable 35 1 35
Smoke Detector 150 1 150
Smoke DetectorCable 20 1 20
Satellite SmokeDetector (FD) 150 4 600
Satellite Cable (FD) 20 4 80

Total (ND) $3,420
Total (FD) $4,100

TABLE V: StandardNear(ND) andFarDetector(FD) RackMonitor hardware.

Item Cost # Total
RPS-8884 $1,9501 $1,950
120/208VAC RelayBox 830 1 830
120VAC power strip 20 1 20
AC RelayCoil/Power Cable 60 1 60
VME DC Cable 25 2 50
Water Flow Sensor 120 1 120
Water Temp SensorBlock 25 1 25
Water Temp Sensor 5 1 10
1U MeshLeak Detector 170 2 340
Smoke Detector 150 1 150
Smoke DetectorCable 20 1 20

Total (FE) $3,570

TABLE VI: NearDetectorFront-End(FE) RackMonitor hardware.

Item Cost # Total
RPS-8884 $1,9501 $1,950
120/208VAC Relay Box 830 1 830
AC Relay Coil/Power Cable 60 1 60
Smoke Detector 150 1 150
Smoke DetectorCable 20 1 200
Satellite Smoke Detector (LeCroy) 150 1 150
Satellite Cable (LeCroy) 20 1 20
120VAC power strip (DAQ) 20 1 20

Total (DAQ) $3,030
Total (LeCroy) $3,180

TABLE VII: DAQ andLeCroy RackMonitor hardware.A LeCroy rackmonitorservesadjacentracks.

VII. ENVIRONMENTAL MONIT ORING

MINOS EnvironmentalMonitorsprovide archival measurementsof air anddetectortemperature,pres-
sure,humidity, airflow speedanddirection,andradonactivity. Theseareprovidedin threelocationsat the
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System Detector Test Number Unit Total
Type Near Far Cal Stands Instrumented Price Cost
FD 1 16 6 2 17 $4,100 $69,700
ND 8 0 0 2 8 $3,420 $27,360
FE 27 0 0 2 27 $3,570 $96,390

DAQ 8 8 1 1 16 $3,030 $48,480
LeCroy 2 4 1 1 6 $3,180 $19,090

Subtotal $241,930
10% volumediscount -$24,193

Total $217,737

TABLE VIII: RackMonitor hardwaresummary. CalibrationDetectorandTestStandracksarelistedfor informational
purposes,but not budgetedseperately. An additionalFD-style andan additionalLeCroy rack monitor have been
allocatedfor theBeamMonitor Group’sSWICcontrolracksat theneardetector.

FarDetectorandonelocationateachof theNearandCalibrationDetectors,and(exceptfor RadonActivity)
ateachof thethreeBeamMonitor SWIC devicesin themuonalcoves.

Standardatmosphericmeasurementsareobtainedby theOregonScientificWM-918ElectronicWeather
Station,an integratedmeteorologicaldevice with a built-in RS-232interface. It is readout by a driver
runningontheDCSSupervisorprocessorvia thetheDCSLAN usingastand-aloneEDAS 1025Eethernet-
to-serialinterface.Dataarewritten to disk in ASCII formatfor importationby iFix.

Radonmeasurementsareparticularlyimportantin undergroundwork areas,wherethelevel of this nat-
urally occurringradioactive gascanbeelevatedbecauseof its high densityandtheproximity of its source,
heavy unstableisotopesin the soil. DCS will continuouslymonitor radonactivity at all Environmental
Monitor sitesusing AwareRM-80 RadonMonitors readout via a National InstrumentsFieldPointFP-
CTR-502countermodule. FieldPointstationsattachedto eachEnvironmentalMonitor alsoallow direct
detectortemperaturemeasurementsusing the FP-TC-120thermocouplemodule,andprovide simpleDC
voltagemeasurementsfor thebeammonitorelectronicsat muchlessexpensethanfull-fledgedRPS-8884
systems.

A. Budget and Status

EachWM-918 WeatherStationis estimatedto cost$300??.FieldPointhardwareis $1,500??persite,
includingtheethernetinterfaceandpower supply, radonmonitorcountermodule,andthermocouplemod-
ule, while theAwareRM-80 itself is $1,000??.Thusthefive NearDetector, Far Detector, andCalibration
DetectorEnvironmentalMonitors requirea total estimatedoutlayof $14,000??.The threeBeamMonitor
sitesexcludetheradonmonitorbut replaceits associatedFP-CTR-502with amultichannelanalog-to-digital
converter, but includeonly oneWM-918. Theestimatedtotal for thesethreesystemsis $4,800??,for a net
estimatedEnvironmentalSystemsallocationof $18,800??.Ethernetport and includedin the costof the
DCSLAN, while stand-aloneEDAS 1025Eethernet-to-serialinterfacesweredescribedin SectionIII

TheentireEnvironmentalHardwaresystemconsistsof off-the-shelfcommercialsystems.TheOregon
ScientificWM-918 (Windows 2000)driver hasalreadybeenexercised,ashasthebuilt-in Field Point/iFix
link. Operationof theAwareRM-80 with FieldPointhasyet to bedemonstrated,however, and(aswill all
DCSsubsystems)completeintegrationwith the iFix supervisoris expectedto requirea significantinvest-
mentbeforetheprototypeEnvironmentalMonitor is readyfor installationattheCERNCalibrationDetector
in August2001.
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VIII. THE BEAM MONIT OR

At presentBeamMonitoringis consideredonly for themuonbeamatthedownstreamendof theMINOS
decaypipe,justsouthof theNearDetectorhall. Its modularSegmentedWire Ion Chambers(SWIC)system
could,however, beextendedwith little changeto accommodatea futurehadronmonitoringsystem.

A. SWIC Hardware

Fig. 2 shows thephysicallayout of themuonmonitoringsystemandassociatedelectronics,including
96-channelSWIC deviceslocatedin threemuonalcovesdownstreamof thebeamabsorber. SWIC readout
electronicsarea FNAL standard,utilizing theSWIC’s built-in InternalSequencerandDual PortMemory
and controlledby an acceleratordivision VAX. Communicationsareachieved via ethernetanda single
centrallylocatedVME crate(Fig. 3). High Voltageis suppliedby LeCroy hardwareasdescribedin Sec-
tion IV, with modificationsaccordingto Application Note AN-48 to accommodatethe0–500V rangeof
thechambers.2

The BeamMonitor requiressix ethernetLAN ports: threeat the MasterReadoutrack for the VME
processor, WM-918EnvironmentalStation,andEDAS1025Einterfaceconnectedto theLeCroy HV supply,
andthreefor theFieldPointtemperatureandbackplanevoltagemonitors.TheSWIC systemalsorequires
anacceleratorclock signal,obtainedfrom theNearDetectorHall via a900foot RG-8cable.

B. SWIC Readout

SWIC readoutwill includepedestal,beamspills, andbetween-spillcalibrationdata. This is accom-
plishedwith thesamemodelusedfor BeamMonitor testruns,in whichaVisualBasicprogram(in thiscase
runningontheDCSSupervisor)will openasocket to requestdatafrom theacceleratordivisionVAX, which
in turn obtainsit from theSWIC VME crate.Thesedatacanbeusedto characterizethemuondistribution
in multipolarform, perhapsup to thefifth moment.

SWICdataincludingend-of-spillinformationwill bewritten to disk in ASCII formatandimportedinto
iFix (TableIX). After someexperiencehasbeengainedwith beambehavior, iFix will setWarningsand/or
Alarmsbasedonvariationsin themoments.While thisprocesswill belargelyautomatic,periodic“manual”
voltageplateaucurveswill berun to verify SWIC performanceandtestchambergaspurity.

IX. THE MAGNET AND COIL CONTROLLER

While theSteelGroupis responsiblefor MagnetandCoil control, it will log datato DCS.Both func-
tionsareaccomplishedvia NationalInstrumentsFieldPointhardwareinterfacedto thecoil power supply’s
internal remotereadoutandcontrol system. Currentsaremeasuredwith built-in power transducersand
coil temperatureusingstandardFieldPointmodules.Resistancebridgesarealsoincludedto monitorsmall
changesin coil resistance,andinterlocksareusedto shutdown thecurrentin theeventof localmechanical
or electricalfailure. Similarly to theRPS-8884RackMonitor AC relays,theCoil Monitor producessoft-
wareFieldPointsystemis hard-wiredto thepower supplyinterlockswhile theMagnetandCoil Controller
(aLabView process)andtheiFix Supervisoremploy built-in driversfor remote(ethernet)access.

Inductiondatawill be written in ASCII format andproceedvia files on network-mounteddisks. The
only substantialsourceof communicationbetweenthe DCS and magneticsPCsis changeof condition

2While theAN-48 procedureis straightforward, it describesa silicon microstripapplicationandsatisfactoryperformancefor
theSWICdevicesmuststill bedemonstrated.
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FIG. 2: Schematiclayoutof thebeamabsorberareaandmuonalcoves.Cablerunsareindicatedfor thethreeSWIC
controllers.

Item Words
Last2 BeamPositionMonitors(BPM’s; x ¦ y) 2 ¦ 2
OTR (OpticalTransitionRadiation)monitors 2 § 400
Muonbeammonitorchambers 3 § 96
Low energy beamBudalmonitor 1
If higherenergy beamtargets ¨z¦ 1©

Left/Right thermocouplemonitors(for beam 1 ¦ 1
wander;needa few minutesfor equilibrium)

Horncurrents,timing, microphone 4 ¦ 4 ¦ 4
Hall probeandB-field pickup 2
Targetpile temp 1
HadronicHosecurrents,timing 4 ¦ 4
Absorbertemps(8 Al & 1 steelwatercooled; 8 ¦ 1 ¦ m
3–5steel,not watercooled.

Waterflow meter, temp,level 3
Coolingair tempin, out 1 ¦ 1
Decaypipevacuum,temp 1 ¦ 1
Exhauststackmonitorfor air activation 1
Beamlossmonitors ¦ n

Word Count 1135¦ m ¦ n

TABLE IX: BeamMonitor data(preliminary).

commandsandstatusfeedback(e.g. degaussSM1, ramp down, ramp to standardoperatingconditions,
setcurrentin SM N to i). The detailsof this interfacehave yet to be addressed,but it is similar to the
light injectionandHV subsystemsin its softwareandhardwarerequirements.DCSmonitorchannelsare
(preliminarily) summarizedin TableX.

Synchronizationof thefield monitoringsystem,thecurrentsettings,andthecurrentmeasurementsis an
importantcomponentof themagneticcalibrationprocess.Thisproblemis solvedby having all signalsand
controlsrun thoughthemagnetics(coil andinduction)PCs.Readoutis separatedby sideandsupermodule
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Signal ID Type Activation
CurrentSetting Analog 0–10VDC

Forward/Reverse Contact SPDT Magnet
DC On Contact NO Power
DC Off Contact NC Controls

RemoteReset Contact NO
ContactSpares(3) Contact

OutputV Analog 0–10VDC
OutputI Analog 0–10VDC

AnalogSpares(2) Analog 0–10VDC Magnet
Forward Contact Power
Reverse Contact Monitors

InterlockReady Contact
DC On Contact

ContactSpares(3) Contact

T/C Temp#1–10 Analog TBD Coil
Klixon overTempSum Contact NC Temp

T/C overTempSum Contact NC Monitors

TABLE X: Magnet& Coil signals(preliminary).NO/NC= normallyopen/closed.

in the Far Detector, with Fieldpoint stationslocatedon the lower-deck south-westend of SM1 and the
lower-decknorth-westendof SM2. Noting thatthequestionof dedicatedDCSandmagnetPCuseis to be
addressedwithin thisReview, readoutPCsareplannedon themid-level decks,threeon theeastandoneon
thewest,all connectedto theDCSLAN.

While this (preliminary)sectiondescribestheFar Detector, mostcoil andmagnetsystemsinformation
appliesto the NearDetectoraswell. Little progresshas,however, beenmadein detaileddesignof this
system.We hopeto addressit duringSpring2000on theNearandFar Detectorcoil prototypes,which we
expectto beoperationalby theendof Winter.

X. DCS CABLES

The MINOS DCS systemwill employ a limited numberof cables. Theseinclude both RS-232and
RS-485compatiblecables,bothshieldedandlimited to 1 m in lengthin orderto reducethepossibilityof
interference.In addition the RackMonitor will requirea limited numberof andall DCS cableswill be
commerciallymanufacturedin accordancewith MINOS andFNAL guidelines.

XI. THE CERN CALIBRA TION DETECTOR DCS PROTOTYPE

Thefirst DCShardwarewill be deliveredto theCERNCalibrationDetectorin in April-May 2001. It
consistsof a “stand-alone”HV controller installedby Macalesterandthe University of Minnesota-Twin
Cities. During summer2001 Wisconsinwill develop the file-sharingprotocol for iFix and the Oregon
ScientificEnvironmentalStations,while Minnesota-Duluthwill completea RackMonitor Prototypeand
develop thebuilt-in iFix/BiRa interface. All four groupswill assistin developmentof the iFix Graphical
UserInterfacein orderto produceaworkingDCSprototypefor installationat CERNduringAugust2001.
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XII. SUMMARY AND BUDGET

Up to this point DCSefforts have beenlargely devotedto subsystemhardwareandplanningtheglobal
DCSstructure.Thisdocumentrepresentsourattemptto addressremainingconsiderationsfrom theJanuary
2001DCSReview andOnlineWorkshop,andto formalizetheglobalDCSdesign.It is expectedthat this
effort will continuethroughtheMarch2001MINOS meetingatFermilab,afterwhichadditionalcomments
will beincorporatedinto Version2.0of thisdocument.

While mostof theDCSsubsystemshave reachedor arenearoperationallevels,seamlessiFix adminis-
trationof theHV andotherDCSprocesseswill requiresignificantadditionaleffort. Theseissuesof global
integrationandcommunicationsarethereforeexpectedto occupy muchof oureffort throughouttheperiod
betweeninstallationof the CalibrationDetectorHV Controllerandconstructionof the first Far Detector
planes.Outstandingissuesinclude:

� Graphical User Interface iFix providespowerful GUI capability, andthe overall structureof the
iFix DetectorControlSystemhasbeenestablished.Individualpageswill bedevelopedfor theCERN
CalibrationDetector, andmodifiedfor usein the NearandFar Detectorsaccordingto experience
gainedthere.

� High VoltageTheHV controllerhasdemonstratedsocket-basedoperationandiFix providesbuilt-in
socket access.Thesetwo capabilitieswill be integratedinto the DCS prototypefor useat CERN,
andthenexpandedfor multi-processHV control in theFarDetector.

� Rack Monitor TheiFix Supervisorhasbuilt-in capabilitiesfor operatingtheBiRa8884RackMon-
itors. The will alsobe developedas part of the DCS Prototype,andexpandedfor the larger Far
DetectorSystem. The water-cooledNearDetectorFront-EndRackswill requireadditionalhard-
wareandsoftwarecapabilities,but theseareprovided in a modularformatby thevendorsandtheir
implementationis expectedto bestraightforward.

� Calibration Theparticularcalibrationinformationto beloggedby DCSmustbeidentified.I will be
deliveredto DCSusingthesameROOT Tsocket protocolasotherDAQ-DCSdataexchange.

� Environmental,BeamMonitor , Magnet & Coil Thesesubsystemswill shareddatawith iFix using
ASCII files. TheiFix supervisor’s built-in dataimportcapabilitywill becustomizedto accommodate
thevariousformats,but this taskis straightforward.

� DatabaseSignificantadvancesin ourunderstandingof theDCScontributionsto thedatastreamwere
madeat theRutherfordDAQ workshop,but considerableefforts remainsin finalizing thedetailsof
the datastream. Lessonsfrom the CERN prototypewill againbe appliedto later full-scaleDCS
implementation.

Aside from their effect on theCommunicationandControlbudgetof $40,000,theHigh VoltageCon-
troller, Calibration Monitor, Beam Monitor, and Magnet & Coil hardware do not contribute to DCS-
accountedhardwarecosts.TheEnvironmentalMonitor Systemrequires$18,800,while theRackMonitors
outlayof $170,870makesup themajorityof thetotalestimated$230,670DCShardwarebudget.
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FIG. 3: The BeamMonitor SWIC masterreadoutrack. It containsthe LeCroy 1440high voltagesupply, SWIC
controller and front-endelectronics,SWIC low voltagesupply and ARCNET hub, and VME readoutcrate. The
secondandthird rackscontainonly theSWICcontrollerandfront-endelectronics,andtheSWIC low voltagesupply.


